Direct compensation or the direct reimbursement scheme is an indemnity insurance method that many European and American countries use to manage motor liability claims in which the driver that suffers an accident is paid by his/her insurance company that possibly later receives a flat-rate reimbursement (known as forfeit). Using non-life actuarial methodologies, this article analyses the distortion effects due to the direct compensation mechanisms and the effects of different forfeit reimbursement systems on policyholder tariffs in the management of motor liability claims involving vehicles in two different sectors, i.e. automobile and motorcycle. We empirically analyse and formalize the distortion effects resulting from the mechanism that different direct reimbursement systems produce, and explore the correlation between increasing tariffs for motorcycle policyholders and decreasing tariffs for other vehicle policyholders. We propose some alternative methods to overcome these distortion effects, evaluating their pricing impact through a stochastic model applied to a case study.
Introduction
The auto insurance market has received extensive attention in research as it represents about 40% of all property and casualty insurance net premiums in the USA (NAIC 2016) and the largest non-life business line in Europe in 2015, accounting for 38% of total non-life premiums (Insurance Europe 2016). The first relevant research stream addresses the analysis of the effect of the liability rule, comparing two compensation systems: tort law (typical of European countries) and pure no-fault (typical of Australia, New Zealand, and Canada), and the factors that influence the formation of motor prices including the effects of rate regulation on the automotive insurance market (e.g. Grabowski et al. 1989; Cummins and Tennyson 1992; Bouzouita and Bajtelsmit 1997; Tennyson 1997; Yu-Luen and Schmit 2000; Kelly et al. 2010; Grace and Leverty 2012; Born 2017) . Other authors investigate the relations between the incidence of uninsured drivers and the price of coverage (Dahlby 1983; Gastel 1998; Sugarman 1998) . Numerous authors exhaustively examine the characteristics of automotive insurance markets in Canada, in Europe (Schmitt 2000; Cummins 2002; Cuocci 2013) , and in the USA (Graham and Xie 2007; Cuocci 2013) , and the various factors affecting tariffs, including deregulation (the change of markets from a cartel pricing situation to complete pricing freedom; see Cummins 2007) , distribution system, rules governing statutory reporting and local accounting standards, Bonus/Malus schemes, legal system, taxes, policy cover (first party, third party, etc.). The analysis is more complex in the USA, where the insurance discipline is subject to state legislation. Some states favour a no-fault system; others maintain a civil liability system. However, states that favour a no-fault system do not have a uniform system that distinguishes between threshold no-fault, add no-fault, and choice no-fault. Each of these no-fault schemes preserves third party liability in some way. Joost (2002) and Schermer and Schermer (2004) provide a complete examination of motor vehicle damage insurance in the USA. The second research stream concerns the specific literature on direct compensation, including studies that examine the functioning of different types of direct compensation and their implications in terms of overall system costs and distribution between companies (Galli and Savino 2007; De Santis 2006) , and studies analysing the influence of direct compensation on determining technical reserves (Fersini and Melisi 2016) .
Traditionally, for motor vehicle damage, policyholders must request payment for damages from the other party. However, in some countries (e.g. France, Italy, Portugal, Spain, Canada, the USA), agreements exist between insurers concerning direct reimbursement of certain types of claims. In such schemes, in case of road accident claims, the insurance company of the injured party reimburses the damage to its policyholder. In Canada (Quebec, Ontario, New Brunswick), for example, a public monopoly offers compensation for bodily injuries in a pure no-fault system, and a competitive private sector offers compensation for property damage under a liability system that includes a direct compensation agreement designed to reduce insurance costs. In 1978, private insurers began awarding direct compensation to victims of property damage according to the Direct Compensation Agreement between insurers. This is called "direct compensation" because, even though someone else caused the damage, the insured person collects from his/her insurer directly instead of from the person who caused the accident. In Italy, after the introduction of the direct compensation system (CARD), 1 the driver that suffers an accident is paid by his/her 1 3
A stochastic model to evaluate pricing distortions in indemnity… own insurance company. Subsequently the insurance company will receive a reimbursement forfeit from the insurance company of the driver responsible for the accident. However, the insurance company of the responsible party will not reimburse the victim's insurance company the exact sum that the victim received from his/her own insurance company, but as stated, a forfeit reimbursement. In Italy, these forfeit reimbursements are defined year by year based of some parameters determined by CONSAP (the insurance services entity that manages the reimbursement system between insurance companies). Until 2007, before the introduction of the CARD system, the driver that incurred a claim was paid by the insurance company of the driver that caused the claim. In general, direct reimbursement (DR) schemes maintain the principle of responsibility with the payment made by those causing the accident. The object of insurance coverage, irrespective of the agreements between the insurance companies on the payment mechanism, remains liability with respect to third parties or the property of third parties. The actuarial methodologies are the same, with appropriate integrations, and the insured pay a premium in line with this specific risk.
This article looks at the effect of various forms of insurance claim handling on policyholder tariffs, focusing on the direct indemnity mechanism when two different types of vehicles are involved (i.e. automobile and motorcycle; motorcycle and truck; automobile and truck; motorcycle and truck; etc.). We analyse different direct compensation schemes where the forfeit payment is made by the company of the insured who caused the claim, comparing the results with traditional payment mechanism without direct compensation and investigating the distortions created in the price coverage in the various cases examined. In the present context, price distortions are defined as deviations of insurance prices from a level that should be applied in the market if insurance companies charge tariffs for each business line that correspond, on average, to the accident caused by the vehicles of the same business line. Price distortions lead to mispricing due to the mechanism inherent in different direct reimbursement systems.
We then propose some solutions that could reduce or eliminate this distortion effect. First, we formalize and determine a market premium for the different schemes; second, we analyse a market distortion index. In conclusion, through a simulation, we present a case study based on realistic data from three Italian companies using a stochastic model. In particular, the data refer to three Italian companies selected to cover the small, medium, and large size classes. Furthermore, due to privacy issues, the data have been slightly modified to avoid the potential identification of the companies that asked to remain anonymous.
Finally, we do not aim to investigate what has occurred in the Italian market (previously analysed in Fersini et al. 2017 ), but the distorting effects of the various existing and potential DR schemes on pricing. Therefore, the hypothesis of a system consisting of only three companies does not compromise the validity of the results obtained and the final considerations.
The structure of this paper is as follows: Sect. 2 briefly specifies the traditional reimbursement scheme for MTPL. Section 3 describes three different types of direct claim settlements to policyholders (the first of which corresponds to that in force in Italy) and illustrates the calculation for each business line of pure premium, market premium, and a type of solidarity market index. Thereafter, an alternative direct reimbursement method with forfeit is presented in which the total costs of each sector can depend exclusively on the costs of third party liability of the same business line. Section 4 develops the simulation-based framework that enables determining the distortion caused by the introduction of the direct compensation mechanism with forfeit adjustment and illustrates the empirical application and model comparison. The last section concludes the paper.
The traditional reimbursement scheme: modelling framework
Motor third party liability (MTPL), compulsory in the EU, provides financial protection against claims for physical damage and/or bodily injury resulting from traffic collisions. Additionally, comprehensive motor insurance offers financial protection for first party losses and, in some cases, fire, theft, and breakdown services. The traditional reimbursement scheme for MTPL, without a direct compensation system, can be formalized in the following way.
For the sake of simplicity, we assume that in the insurance market, there are n MTPL insurance companies that insure vehicles belonging to q different sectors. We indicate with a l i , with i = 1, 2, ….n insurance companies and l = 1, 2, …, q sectors, the expected number of vehicles that will be insured in the reference period by n insurance companies for each q sector.
Then, we indicate with k(i, j) l,m the expected claim number caused by owners/ drivers of vehicles of sector l insured by company i against owners/drivers of vehicles of sector m insured by company j. With i = 1, 2, …, n; j = 1, 2, …, n and i ≠ j; l = 1, 2, …, q; m = 1, 2, …, q.
The limitation that i must differ from j (i ≠ j) implies that there are no claims belonging to the same sector or to different sectors insured by the same company (so-called natural claims). To be noted is that these claims are not numerically consistent in the real insurance market and hence do not condition the results obtained in this work. Furthermore, given our objective, including these claims within the model has no effect on the market distortion result that depends exclusively on the differences between the sectors and not between the companies. In fact, this typology of claims is excluded from the forfeit mechanism, the CARD system (which we will explain later).
We indicate with: the expected number of claims for which the owners/drivers of vehicles of sector l insured by company i are responsible (all in the same period of reference). We indicate further with c(i, j) l,m the expected cost of claims caused by the owners/drivers of vehicles of sector l insured by company i and by the owners/drivers of (1)
vehicles of sector m insured by company j. With i = 1, 2, …, n; j = 1, 2, …, n; i ≠ j; l = 1, 2, …, q; m = 1, 2, …, q. Finally, we indicate with the expected cost of claims for which the owners/drivers of vehicles of sector l insured by company i are responsible (all in the same period of reference). With these notations, the pure premiums (in this paper with pure premium (or equivalence premium) we indicate the expected value of the aggregate claims without considering the implicit loading or the expected profits for the insurer) that must be paid for the vehicles insured during the reference period for each of the n insurance companies and for each of the q sectors will be:
The pure market premiums for the q sectors will be:
Direct reimbursement schemes: effects on the premiums
In this section, we first introduce the framework of the direct reimbursement scheme actually used in Italy and then present the description of other types of direct reimbursements.
The current direct reimbursement scheme in Italy
In the Italian CARD system, the driver that suffers an accident is paid by his/her own insurance company. Subsequently, the insurance company will receive a forfeit reimbursement from the insurance company of the driver responsible for the accident. However, the insurance company of the responsible party will not reimburse the victim's insurance company the exact sum that the victim received from his/her own insurance company, but as stated, a forfeit reimbursement. In Italy, these forfeit reimbursements are defined year by year based of some parameters determined by CONSAP (the insurance services entity that manages the reimbursement system between insurance companies). Until 2007, before the introduction of the CARD system, the driver that incurred a claim was paid by the insurance company of the driver that caused the claim. In general, direct reimbursement (DR) schemes maintain the principle of responsibility with the payment made by those causing the accident. The object of insurance coverage, irrespective of the agreements between the insurance companies on the payment
mechanism, remains liability with respect to third parties or the property of third parties. The actuarial methodologies are the same, with appropriate integrations, and the insured pay a premium in line with this specific risk. Relevant here is the distribution of the number of claims of owners/drivers of vehicles insured by each insurance company that will be paid by the other insurance companies according to the type of vehicle involved and the average costs. In this article, we assume that average costs do not vary in the scheme without direct reimbursement and in the DR scheme, in other words, the average costs are independent of who pays. In reality, there are also claims that are not included in the CARD system, but we do not consider these in this paper.
With the data and information available, it is possible to quantify the forfeit for each q sector (calculated in such a way that they result only in the average cost of payments made by insurance companies to own victims):
It follows that the insurance company of the victim receives a reimbursement that may be higher or lower than the claim amount actually paid to the insured, and can thus make a profit or a loss on the claim of its own insured (the victim without fault). This necessarily affects the pricing that the insurance company will apply to its policyholders. All the insurance companies: a. pay, with a forfeit differing by business line, the insurance company of the victims of their insured responsible for the claims; b. pay the claims of their insured (victims, non-responsible claimants); c. receive the forfeit, differing by business line, from the insurance company of those responsible for the claims that have caused damage to their insured.
If we assume that the expected values are realistic and that the expected forfeits are equal to those that should be paid or received from the insurance companies (in reality, there is a 1-year lag between setting the forfeits and their use in payments/receivables), then we can quantify the premium that the insurance companies will ask of their insured for each q business line so that each insurance company and the insurance market will be in equilibrium.
We indicate with CDR the current direct reimbursement and the pure market premiums for each q business line, with the actual direct reimbursement: It is also possible to define the percentage variation in the market premium relative to the business line following the introduction of the direct reimbursement system:
l represents the sum of the "solidarity" (cross-subsidization) of the m° business line expressed in terms of premiums.
In other words, it represents the quantity of premiums (in absolute terms) that are paid more (if positive) or less (if negative) for the m° business line with the introduction of direct reimbursement compared to without DR.
Furthermore, (CDR) m M is equal to m M for each m = 1, 2, …, q, in the given hypothesis only in the case in which:
Thus, when limited to only two business lines, which we call I and V, the aggregate claim costs sustained by all insurance companies for reimbursements paid to the insured of business line V caused by business line I are equal to the aggregate claim costs sustained by all insurance companies for reimbursements paid to the insured of business line I caused by business line V. This is practically impossible when the vehicles involved belong to two different business lines.
The generalization to q business lines is quite simple and can also be defined as a market solidarity index with the following formula:
This represents, in percentage terms, the overall variation (in absolute value) in the premiums due to the introduction of CDR with respect to without DR.
Since the balance of these movements influences the tariffs that will be paid by own policyholders and will be compared with the tariffs of other insurance companies on the market, the direct reimbursement mechanism tends to render the system efficient as a whole (with the "solidarity" component between sectors highlighted above) and in equilibrium, also due to the statistical law of large numbers.
The MTPL insurance rates are determined, as mentioned, for business lines (automobiles, motorcycles, trucks, etc.) and fixed in relation to the claim costs that are assumed to be paid for business lines during the tariff's validity period. The forecast is mainly based on payments made in previous years for the same business line, on qualitative assessments, and on expert opinions identifying the outliers and the most representative years. Prior to the introduction of the direct reimbursement system, the tariff was calibrated based on claim amounts paid by the insurance company for the claims caused for each business line. Following the introduction of the direct reimbursement system, the tariff is calibrated based on the three points mentioned above and depends on both the claims policyholders incur as victims and those they are responsible for.
Current direct reimbursement with multiple forfeits (CDRMF)
To overcome the discrepancy that causes, as we have shown, solidarity between business lines, we hypothesize the possibility of having separate forfeits for different types of claims according to the business line of the vehicle responsible for the accident and the business line of the vehicle victim of the accident.
In this case, the forfeit would be calculated with the following formula:
The pure premiums, in this case, would be calculated with the following formula:
(10)
with j = 1, 2, … , n; m = 1, 2, … , q and the pure market premiums will be for each q business line with direct reimbursement and multiple forfeits:
We indicate with CDRMF the current direct reimbursement with multiple forfeits. As seen, the introduction of multiple forfeits for each type of claim (in relation to the type of vehicles involved), while modifying the premiums of single insurance companies to the market level, does not change the expected market premium with respect to the direct reimbursement system with multiple forfeits only for different business lines (current system in Italy). Clearly, when the claims occur between vehicles of the same business line, they are on average "similar" as regards the costs related to those responsible for the claim and damage. Thus, the direct reimbursement stem leads to a substantial equilibrium in costs and tariffs applied. The insurance companies charge tariffs that correspond on average to the severity of the business line that should be similar to the severity of the industrial sector for all the insurance companies.
When the claims occur between vehicles of different business lines (e.g. between a car and a motorcycle), it is apparent that, from the cost point of view, the compensations to be paid are not "similar". The motorcycle and its driver in such accidents, on average, suffer greater damage from cars and their drivers. This is irrespective of whether they are responsible for the accident or are the victim. The same consideration applies to accidents between a car and a truck, and above all, between a motorcycle and a truck. This last consideration leads to affirm that the damage suffered by a motorcycle for a claim caused by a car is, on average, greater than the damage suffered by a car for a claim caused by a motorcycle.
Current direct reimbursement system with different forfeits (CDRDF)
While the difference between the payments and income referred to above for motorcycles is in most cases negative and charged to the cost of claims of motorcycles, reflected in the pricing of motorcycle insurance, the difference is positive for cars. Thus, insurance companies charge tariffs that do not correspond, on average, to the accident caused by the vehicles of the business line. In fact, points b and c above refer to damages and not to those responsible for the claims.
To address this dysfunction, we envisage a direct reimbursement system with the forfeit mechanism only in case two vehicles belonging to the same business line are involved, while envisaging a "case by case" mechanism if the vehicles involved belong to different business lines. In the latter case, we also envisage some mechanisms to create incentives to avoid the increase in the overall system cost.
In this case, the forfeit will be calculated with the following formula:
The pure premiums in this case would be calculated with the following formula where CDRDF means current direct reimbursement system with different forfeits: and market pure premiums will be for each q business line with the current direct reimbursement system with different forfeits:
As this methodology shows, at the market level, we obtain the expected premium equal to what it would have been without the introduction of the direct reimbursement system. Clearly, the difference between insurance companies remains as a result of the particular claim rate of each insurance company and their ability to reimburse with lower costs than others. Obviously incentive mechanisms are necessary to motivate insurance companies to pay claims efficiently so as not to increase the premiums charged.
In this way, the general direct reimbursement mechanism (those damaged paid by their own insurance company) would remain unchanged as well as all the advantages that derive from it, e.g. speed of compensation. The only thing that would changeas described above-is the mechanism that regulates reimbursement between insurance companies (the insurance company making the compensation is assured a certain business line (e.g. paying compensation of 100 euro) and receives from the business line of the responsible party's insurance company a reimbursement in the same amount (100 euro) and not a forfeit that could be higher or lower).
The new version of current direct reimbursement
There is another way to overcome the bias effect described above than eliminating the forfeit mechanism of direct reimbursement when vehicles from different business lines are involved: uploading the costs incurred for the claims paid to its insured (and forfeit received) on the business line of the insured who caused the claim and not on the business line of the victim of the claim. In this way, the overall cost of the
business line would exclusively depend on the third party liability cost of the same business line. Of course, to implement this method, insurance companies should provide information on the business line of the insured that caused the accident and that of the other insurance company. In this case, the forfeit is calculated with the following formula:
and the pure market premiums will be for each q business line:
As is evident with this change, at the market level, there would be no distortions compared to the situation without direct reimbursement. Clearly, there would be greater differences in premiums for the single insurance companies as their average costs differ from those of the market, implying a sort of transfer of responsibility from the policyholder's insurance company to other insurance companies.
Therefore, this mechanism would lead to solidarity between insurance companies in terms of average cost of claims paid, but at the same time, would have the advantage of encouraging (almost constraining) insurance companies to align with the average market costs through an audit of costs paid for reimbursement to their insured.
Empirical results and model comparison
This section presents the results obtained by applying the various models presented in the previous section using a stochastic approach. The numerical analysis is based on the observation that the direct reimbursement mechanism always has an effect on price levels. For example, in Italy, the introduction of the direct reimbursement system has caused an increase in costs for the insured of some business lines (such
as the V business line: motor vehicles): as demonstrated above, this increase is exclusively linked to the direct reimbursement operation mode described above and not to the greater risk of drivers of these vehicles. This consideration would lead to thinking that the introduction of direct reimbursement has caused a distorting effect within the MTPL business line, introducing some pricing logic for property insurance and fewer related to MTPL insurance. We analysed the Italian data provided by CONSAP and verified empirically. In Italy in the period 2011-2014, to manage the insurance of motor vehicles, insurance companies spent about 100 million euro more compared to the costs they would have paid in the absence of the direct reimbursement system, that is, following the traditional rules. These higher costs were, of course, reflected in the premiums of the insured. Full details of this analysis can be found in Fersini et al. (2017) .
Starting from these considerations, we analysed the impact of direct compensation in various possible models illustrated through a simulation and an original application of this model to automobile data from three Italian insurance companies. We carried out a numerical analysis using these data to measure the impact of the various settlement models on the level of premiums and investigate the possible distortion effect between the different sectors.
Data description
To simplify the operational reality and allow a univocal reading of the results, we chose to apply the models to a market in which only three companies operate. We consider the following related to the real data:
• different sizes of the three insurance companies: small, medium, and large; • four tariff sectors: automobile and taxi (1), bus (2), truck (3), and motorcycles (4).
For each company i and for each tariff sector l, exposure has been assumed as illustrated in Table 1 .
In addition, for each company and for each tariff sector, the claim frequency and the expected cost of a claim with fault are calculated based on realistic data, and the values are shown in Tables 2 and 3, respectively. 1 3
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Data modelling
With p l i , we indicate the frequency of claims caused by the owners/drivers of the vehicles in sector l insured by company i.
Therefore, in the reference period, the expected number of claims caused by owners/drivers of vehicles in sector l insured by company i is given by:
With st(i, j) l , we indicate the percentage distribution of the expected claims of the owners/drivers of the vehicles in sector l insured by company i that are instead, with the direct reimbursement system, managed by the various companies j.
For this hypothesis and recognizing that for i = j st(i, j) l = 0 ∀l , then:
For each j = 1, 2, …, n, we denote with s(i, j) l,m the percentage of expected claims of the owners/drivers of the vehicles in sector l insured by company i that are instead, with the direct reimbursement system, managed by the various companies j related to the damaged sector m.
It is evident that:
If for each i = 1, 2, …, n and for every l = 1, 2, …, q, we multiply the expected number of claims s l i by s(i, j) l,m , we obtain the expected number of claims caused by the (20)
n ∑ j=1 st(i, j) l = 1 with i = 1, 2, … , n; l = 1, 2, … , q
q ∑ m=1 s(i, j) l,m = st(i, j) l ∀i, l, j with i = 1, 2, … , n; l = 1, 2, … , q and j = 1, 2, … , n owners/drivers of vehicles in sector l insured by company i of the owners/drivers of insured vehicles of sector m insured by company j:
With ctm l i , we indicate the average total cost of claims caused by the owners/drivers of the vehicles in sector l insured by company i. We define this concept as average total cost.
As is usual, we note with c l i the average cost of each claim, so the total cost C l i for each company i = 1, 2, …, and for each sector of those responsible for the claim l = 1, 2, …, q is given by:
With ct(i, j) l , we indicate the percentage distribution of the expected total cost of claims caused by the owners/drivers of the vehicles in sector l insured by company i that are instead, with the direct reimbursement system, managed by various companies j (it is assumed, as in reality, that every company handles claims with costs that may differ between the various companies). For this hypothesis, and recognizing that for i = j ct(i, j) l = 0 ∀l , then:
For each j = 1, 2, …, n, we denote with c(i, j) l,m the percentage of the expected total cost of claims of the owners/drivers of vehicles in sector l insured by company i that are instead, with the direct reimbursement system, managed by the various companies j related to the damaged sector m.
If for every i = 1, 2, …, n and for every l = 1, 2, …, n we multiply the total cost C l i by c(i, j) l,m , we obtain the expected total cost of claims caused by owners/drivers of vehicles in sector l insured by company i to the owners/drivers of insured vehicles in sector m insured by company j:
At this point, we can calculate the weighted total cost of claims caused by owners/ drivers of vehicles in sector l insured by company i to the owners/drivers of vehicles in sector m insured by company j:
(23) k(i, j) l,m = s l i * s(i, j) l,m with i = 1, 2, … , n; l = 1, 2, … , q; j = 1, 2, … , n and m = 1, 2, … , q
q ∑ m=1 c(i, j) l,m = ct(i, j) l ∀i, l, j with i = 1, 2, … , n; l = 1, 2, … , q and j = 1, 2, … , n (26) ct(i, j) l,m = C l i * c(i, j) l,m with i = 1, 2, … , n; l = 1, 2, … , q; j = 1, 2, … , n and m = 1, 2, … , q 1 3
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We observe that if estimating the average total cost, given the percentage of the total expected cost of claims of owners/drivers of vehicles of sector l insured by company i that are instead, with the direct indemnity mechanism, managed by the various companies j related to the damaged sector m, c(i, j) l,m , we can easily obtain c(i, j) l,m , i.e. the expected cost of claims caused by owners/drivers of vehicles in sector l insured by company i of the owners/drivers of vehicles in sector m insured by company j. With i = 1, 2, …, n; j = 1, 2, …, n; and i ≠ j and l = 1, 2, …, q; m = 1, 2, …, q.
In fact, with the subsequent formula we obtain the weighted total cost of claims caused by owners/drivers of vehicles insured by company i:
If we divide ∀i, l , this total weighted cost in direct proportion to the percentages s(i, j) l,m and c(i, j) l,m obtained is the weighted average cost ctp(i, j) l,m from which subsequently ct(i, j) l,m and then c(i, j) l,m .
And therefore:
Simulation scheme
We developed the stochastic model with the use of simulation techniques that enable estimating both the distribution of the average cost of claims for each risk class and the distribution of index distortions. In particular, we assume that the average cost of claims is distributed according to a lognormal with mean equal to the average cost of claims for each class and a given coefficient of variation.
(27) ctp(i, j) l,m = ct(i, j) l,m * k(i, j) l,m with i = 1, 2, … , n; l = 1, 2, … , q; j = 1, 2, … , n and m = 1, 2, … , q
To note is that for the purposes of the simulation, we assumed a coefficient of variation linked to the random variable cost of the single loss of 4, in line with Italian market statistics.
The results of the stochastic model proposed derive from the elaboration of 1,000,000 simulations.
From the a l i and p l i , we obtained from the Poisson distribution the number of claims s l i caused by the owners/drivers of vehicles in sector l insured by company i. From the number of claims from the data referring to the percentage of expected claims s(i, j) l,m (Table 4) , we obtained the number of claims caused by the owners/ drivers of vehicles in sector l insured by company i to the owners/drivers of vehicles in sector m insured by company j.
From the data referred to above and the data referring to the percentage of expected total cost of claims c(i, j) l,m (Table 5) , we obtained the average cost of claims caused by the owners/drivers of vehicles in sector l insured by company i to the owners/drivers of vehicles in sector m insured by company j.
In particular, the data modelling described in Sect. 4.2 allows measuring via simulation the distortion caused by the introduction of the direct compensation mechanism by forfeit adjustment.
We use the following data:
1. The number of insured a l i by each company i for each sector l of the driver/owner responsible. 2. The frequency of claims p l i caused by owners/drivers of vehicles of sector l insured by company i. 3. The percentage distribution of expected claims st(i, j) l caused by the owners/ drivers of the vehicles in sector l insured by company i that are instead, with the direct reimbursement system, managed by the various companies j. With i = j st(i, j) l = 0 ∀l and ∑ n j=1 st(i, j) l = 1. 4. The percentage of expected claims s(i, j) l,m caused by the owners/drivers of the vehicles in sector l insured by company i that are instead, with the direct reimbursement system, managed by the various companies j related to the damaged sector m. With ∑ q m=1 s(i, j) l,m = st(i, j) l ∀i, l, j with i = 1, 2, … , n; l = 1, 2, … , q and j = 1, 2, … , n. 5. The percentage distribution of the expected total cost ct(i, j) l caused by the owners/drivers of the vehicles in sector l insured by company i that are instead, with the direct reimbursement system, managed by the various companies j. With i = j, ct(i, j) l = 0 ∀l and ∑ n j=1 ct(i, j) l = 1. 6. The percentage of the expected total cost of claims c(i, j) l,m caused by the owners/drivers of the vehicles in sector l insured by company i that are instead, with the direct reimbursement system, managed by the various companies j is related to the damaged sector m. With ∑ q m=1 c(i, j) l,m = ct(i, j) l ∀i, l, j with i = 1, 2, … , n; l = 1, 2, … , q; j = 1, 2, … , n.
7. The total average cost ctm l i of claims caused by the owners/drivers of vehicles of sector l insured by company i. 8. The standard deviation of the average total cost sqm l i of claims caused by the owners/drivers vehicles of sector l insured by company i.
Through these data, we implemented the simulation scheme by performing the following steps, replicated 1,000,000 times:
• With the data referred to in points 1 and 2, we obtained from the Poisson distribution the number of claims s l i caused by the owners/drivers of the vehicles in sector l insured by company i. • From the number of claims s l i , from the data referred to in points 3 and 4, we obtained the number of claims caused by the owners/drivers of the vehicles in sector l insured by company i to the owners/drivers of the vehicles in sector m insured by company j k(i, j) l,m . • From the data referred to in points 3-8 and the data referred to in point 2, we obtained the average cost of claims caused by the owners/drivers of the vehicles in sector l insured by company i to the owners/drivers of the vehicles in sector m insured by company j. In particular, we used a Log Normal Distribution to obtain from points 7 and 8 the average total cost. • From k(i, j) l,m and c(i, j) l,m , we obtained the mean values and distributions of the quantities referred to in this paper.
Results and model comparison
The purpose of the numerical application below is to calculate the pure premium for each sector based on the different direct compensation models described in the previous section and to evaluate the distortion in terms of different levels of pure premiums with respect to traditional reimbursement without direct compensation. We show in Fig. 1 the empirical distributions of the pure premium level using the data of the three insurance companies in the absence of direct compensation for each sector. Table 6 shows, as an example, the pure premiums (mean) for sector 1 and for the three insurance companies without DR and with current DR, and the main statistics of interest (standard deviation, percentiles) regarding the expected aggregate claim for the single risk. If we compare the differences of the mean for sector 1, which is the most important in MTPL insurance, these differences are small for all insurance companies analysed, meaning that the distortion introduced by the DR scheme has no deep effects on sector 1, which represents more than 90% of risk. On average, the introduction of the CDR system has led to a slight increase in the pure premium for sector 1. Table 7 shows, for the medium insurance company, the pure premiums for all sectors without DR and with DR (CDR) and all the most important statistics regarding the expected aggregate claim for the single risk.
As we can see, for the medium insurance company:
-for sector 1, the distortions are small, a pure premium from 201.81 to 200.08, since automobiles and taxis constitute almost the total risk in the medium insurance company portfolio; -for sector 2, buses, the distortions are considerable, a pure premium from 1976.03 to 884.64; this means that following the introduction of DR, the pure premium has strongly decreased; -for sector 3, trucks, the distortions are considerable, a pure premium from 464.31 to 239.76; this means that following the introduction of DR, the pure premium has strongly decreased;
-for sector 4, motorcycles, the distortions are considerable, a pure premium from 94.71 to 244.73; this means that following the introduction of DR, the pure premium has strongly increased.
As can be seen from the table above, the greatest distortion is recorded for sector 4 with an increase in the premium of 158%. This result is due, as anticipated, to the fact that the motor vehicle sector is characterized by low costs for claims caused and high costs for the claim victims; therefore, with CDR, this sector absorbs part of the costs of the motor vehicle third party insurance of other sectors. Table 8 shows, for the market, the pure premiums for all sectors with and without DR and the most relevant statistics regarding the expected aggregate claim for the single risk.
As we can see, from a market point of view:
-for sector 1, the distortions are small, a pure premium from 180.99 to 185.97, since automobiles and taxis constitute almost the total risk in the market portfolio; -for sector 2, buses, the distortions are considerable, a pure premium from 1610.66 to 2479.17; this means that following the introduction of DR, the pure premium has strongly increased; 1 3
A stochastic model to evaluate pricing distortions in indemnity… 190.30 ; this means that following the introduction of DR, the pure premium has strongly decreased in line with the medium company; -for sector 4, motorcycles, the distortions are considerable, a pure premium from 87.14 to 372.07; this means that following the introduction of DR, the pure premium has strongly increased in line with the medium company.
In line with the medium company, the market shows the strongest distortion for sector 4, equal to 327%. Figure 2 and Table 9 show the simulated distribution and the statistics of the market solidarity index that we defined in (10).
As we can see, after the introduction of the current DR, at the market level, on average for a specific sector for every 100 euro of premium we have more or less 21.09 euro with respect to the pure premium without DR.
The following is a comparison of the results obtained for all the models analysed. As evidenced in the preceding table, if we take the CDRDF and new DR scheme and apply formulas (16) and (19), we obtain the exact pure premium for the market that we obtained without DR (reported in Table 8 ). With the CDRMF scheme, we obtain the same pure market premium values as with the current DR (CDR), so at the market level, there is no benefit as the distortion remains.
For greater detail and a better understanding of the comparisons between the market premiums of the different systems, below we report the simulated distributions of the pure market premiums for the 4 sectors.
As evidenced in the preceding graphs (Figs. 3, 4, 5, 6) , in the case of the CDRDF or new CDR scheme, we obtain the same pure market premium distribution as without DR. In Table 11 , as an example, we present the results for the medium company by sector in the case of the new CRD scheme.
As shown, at the market level, the new CDR method does not entail any distortion (see the comparison of the levels of pure premium in Table 10 with the corresponding values in Table 7) . At each company level (in Table 11 , as an example, the medium company is reported), the distortion remains for the single sector, but is much smaller with respect to the other methods reported. In particular, for sector 4, the variation can be considered small; in fact, comparing the values in Table 11 with those in Table 7 , the pure premium in the system without DR is equal to 94.71, and with CDR it increases to 244.73, and in the case of the new CDR, it results in a slight reduction equal to 91.54. Moreover, this reduction is due to the fact that the pure premium is influenced by the claims in the portfolios of the other companies. In the specific case of the pure premium of the medium company, being largely dependent on the claims of the large company, and assuming for the latter a lower frequency and average costs, it is lower with respect to the premium that the medium company would have in the absence of DR, that is, calculated only on its own risk portfolio, thus enjoying an advantage in terms of competitiveness.
Conclusion
In a system of motor vehicle third party liability with a direct compensation mechanism, the injured party is compensated by his/her insurance company instead of the insurance company of the person causing the accident. Subsequently, the companies Medium Pure premiummean regulate their relationship through a compensation mechanism. The mechanism under examination would allow the limits of RCA insurance to be exceeded, linked to the third party of the injured party and reduced litigation, thus reproducing the advantages of the no-fault system in a third party liability regime.
In some countries, such as Italy and France, an ex-ante offsetting mechanism is envisaged between companies, which determines the average cost, hence the forfeit, taking into account the compensation actually paid by the companies of the entire market in the previous year. This system has led to some problems. In fact, the forfeit compensation method has brought some critical elements for companies, since it does not allow distinguishing between vehicles that have different characteristics in the claims, both in terms of frequency of accidents and incidence of damage to the person or their property. This problem is significant for all categories of motor vehicles, but has strikingly emerged in the case of motor vehicles, characterized by high incidence of physical damage and an average cost of the accident victim greater than the average overall cost, and above all, a large difference between the cost of the claims suffered and the cost of the accidents caused.
The authors began their statistical analysis following a principle of economic theory: the introduction of direct compensation leads to a reduction in damage settlement times, the reduction in the cost of driving should lead to an increase in driving activity, and the reduction in the cost of insurance premiums should lead to an increase in car owners (Brown 1985) . Starting from this principle and analysing the statistical data provided by CONSAP, we found that in the Italian market, the introduction of the DR scheme has introduced some distortion effects specifically for trucks and motorcycles in the period 2011-2014.
In this paper, we analysed a generic market, simulating through a stochastic model the effects of the introduction of different DR and determining an average distortion equal to 21.09%. Considering that automobiles represent the main sector, this distortion, which might not seem considerable, is, however, huge for trucks and motorcycles.
We propose a double solution to the problem:
(A) if applying CDRDF, considering only the accidents where vehicles of the same sector are involved, thus the distortion at market level is null; (B) if applying the new CDR, considering all accidents, the distortion at market level and insurance company level is not considerable even if insurance companies in this case should have more information about the accident, for instance, the sector of the vehicle that caused the claims.
Moreover, the new CDR system proposed, at the single company level, on the one hand overcomes the distortion between sectors because each sector absorbs its responsibility without affecting that relating to other sectors; on the other hand, it highlights a sort of "solidarity" between companies, implying the levels of premiums are correlated with the claims of the risk portfolio of the same sector but other companies.
It remains to be noted that direct compensation does not undermine the trilateral structure of the third party liability insurance-the damaged, the damaging, and the insurer-and therefore does not alter the third party insurance system (Carriero 2009 ). This is confirmed by the fact that, in the direct reimbursement system, the insurer that manages the claim acts on behalf of the debtor subrogating it.
The advantages linked to establishing a direct relationship between the insured damaged and the insurer are instead typical of first party insurance, where a contractual relationship is established between the damaged and the insurer.
In any case, there are many criticisms of those systems that have introduced a mechanism that stands as an intermediate model between first party insurance and third party insurance attempting, with poor results, to replicate the advantages of the first party in a third party system.
Are the reasons that led the European legislature to prefer a system of compulsory liability through the Strasbourg Convention (European Convention on Compulsory Insurance against Third Party Liability with respect to Motor Vehicles), signed in Strasbourg in 1959) over direct insurance (considered too expensive) still valid today?
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